Strong halogen bond (XB) donors are needed for the activation of neutral substrates. We demonstrate that XB donor properties of iodo-triazoles can be significantly enhanced by quaternization in combination with varying the counterion and aromatic substituent, exemplified by association constants with quinuclidine as high as 1.1 Â 10 4 M
candidates of catalysts to achieve this goal. 6b,9b,d The triazoles are readily available through a Cu-catalysed click reaction 10 and access to a broad range of alkynes with the possibility to quaternize the triazole core makes it feasible to enhance the donor ability of the triazole. In addition, the availability of many chiral azides offers wide opportunities for the design of new chiral XB donor systems. 11 We have shown the potential of these compounds to interact with various possible substrates and in enantiodiscrimination.
12 Due to relatively low affinity constants with thiourea acceptors, it was difficult to fully assess how structural modications affect XB donors' binding ability. Therefore, a stronger XB acceptor has to be selected for this kind of analysis. Anionic species are known to give large affinity constants with halo-triazolium salts, 13 however, in these complexes charge attraction plays a key role in XB formation. We therefore chose quinuclidine, 7d,h-k a neutral monodentate XB acceptor with a readily accessible lone pair, for screening of the effect of XB donor analogues (Fig. 1) on XB strength. Herein we describe the formation of complexes between triazole-based XB donors and quinuclidine in solution with emphasis on the inuence of aromatic substituents and counterions on XB donor strength and investigate the XB donors' ability to discriminate between enantiomers of chiral imines and amines.
A collection of monodentate XB donors shown in Fig. 1 were synthesized (see ESI † for details). To determine the effect of structural changes, the triazolium salts were modied by introducing a peruorophenyl or a p-nitrophenyl substituent instead of a phenyl substituent, changing the counterions and varying the halogen atoms. The XB donor ability of the synthesized compounds was determined through their respective association constants with quinuclidine in CDCl 3 based on 1 H NMR titration experiments. To evaluate the XB strength more accurately, the titration experiments were carried out in duplicate. The results are summarized in Table 1 . To evaluate the inuence of substituents of the aromatic ring that connects directly to the triazolium core on XB formation ability of the triazolium salts, a peruorinated and a nitrosubstituted derivative (3-OTf and 2-OTf, respectively) were compared with the unsubstituted phenyl derivative 1-OTf (Table  1 , entries 1, 3 and 5). The affinity towards quinuclidine decreases in the order of 3-OTf > 2-OTf > 1-OTf which corresponds to the decrease of the size of the s-hole on the iodine atom.
14 The peruorinated XB donor had more than twice as high affinity towards quinuclidine as the NO 2 -containing XB donor and over an order of magnitude higher affinity when compared to 1-OTf. The strong XB donating ability of peruorinated XB donors is explained by its highly electronegative uorine substituents that signicantly increase the polarization of the C-X bond, therefore increasing the s-hole.
7d,7i The electron-withdrawing nitro group in compound 2-OTf is similarly essential to enhance its XB donor ability, albeit less strongly compared to the more electron decient peruorophenyl group in 3-OTf. To determine that the changes in chemical shis were indeed induced by halogen bonding, the nonhalogenated analogue 6-OTf was synthesized which expectedly did not interact favourably with quinuclidine (Table 1 , entry 9).
The effects of anionic counterions were characterised based on triate (1-OTf, 2-OTf, 3-OTf), tetrauoroborate (2-BF 4 ) and tetrakis [3,5-bis(triuoromethyl) phenyl]borate (1-BARF, 3-BARF) containing triazolium salts. Due to poor solubility, the comparison to 1-BF 4 could not be made. In general, the change of the counterion affected XB strength substantially in accordance with their coordination ability.
16 The less coordinating tetrauoroborate containing triazolium salt 2-BF 4 showed higher affinity towards quinuclidine compared to the triate containing salt 2-OTf (Table 1 , entries 3 and 4). The introduction of the BARF counterion increased XB strength by more than one order of magnitude (Table 1 , comparing entries 1 and 5 to entries 2 and 6). To the best of our knowledge, the obtained affinity constant between quinuclidine and 3-BARF is among the highest affinities reported so far for a neutral acceptor.
3c,7
Usually XBs are stronger in apolar solvents than in more polar solvents 7e,f,i and as a comparison, the association constant is only a magnitude smaller than that for the complex between quinuclidine and I 2 measured in heptane.
7h
The strength of the XB is known to decrease based on the polarization of the halogen atom and the increase of electronegativity in the order of I > Br > Cl > F.
1 In our 1 H NMR titration study, the iodo-triazolium analogue (1-OTf) displayed moderate affinity towards quinuclidine whereas the corresponding bromine analogue (4-OTf) did not show any affinity towards quinuclidine altogether (Table 1 , entry 7, also see ESI † for details). The absence of complex formation with the bromine derivative agrees with a similar outcome in our previous investigation. 12 In an attempt to obtain a complex containing a bromine atom as the donor, a bromo-triazolium salt 5-BARF with the strongly electronegative pentauorophenyl substituent was synthesized. Nevertheless, the changes undertaken made the donor too labile and upon the titration experiment dehalogenation prevented the determination of the affinity constant (Table 1 , entry 8, also see ESI † for details).
Quaternization of the triazole core has been critical to obtain compounds with sufficient XB donor ability.
13b,17 To ascertain the impact of charge in the triazole core, neutral peruorinated triazole 7 was also titrated with quinuclidine. The obtained affinity constant is indeed very low. However, this result is of importance in its own right as there are only a few examples describing complex formation in solution between a neutral halo-triazole and a neutral acceptor. 18 The difference between the neutral XB donor (7) and its charged derivative (3-OTf) is more than two orders of magnitude (Table 1 , entries 5 and 10). However, if the counterion acts as an acceptor and competes with quinuclidine for XB formation, triazole 7 should be compared to 3-BARF, which has the less coordinating BARF counterion and therefore provides a better representation for a "naked" cationic backbone. In this case, the difference in binding ability of four orders of magnitude was observed (Table  1 , entries 6 and 10).
Furthermore, 1 H NMR titrations measurements were performed using both enantiomers of chiral imine 8 and amine 9 (Fig. 2) to determine whether the XB donors are able to selectively interact with chiral substances. For these experiments, 3-BARF was chosen as the donor due to the highest binding affinity towards quinuclidine. The XB donor showed no preference towards either enantiomer of the selected acceptors since no differences between the two enantiomers K a values were observed in either case (Table 2 , entries 1 and 2; entries 3 and 4). Nevertheless, the affinity constant between amine 9 and 3-BARF is considerably higher compared to the only reported example, where the XB strength between an organic XB donor and secondary amine was measured. 7j The affinity constant between peruorohexyl iodide and piperidine was <1 in all three solvents used in that study. The difference compared to the binding strength of quinuclidine can partly be explained by the fact that cyclic amines are better acceptors than acyclic amines.
7j
Calculations were performed on the CAM/B3LYP
19 level of theory using DEF2TZVP basis set 20 to model the interaction between both enantiomers of amine 9 and 3-OTf. The calculated complexes in the vacuum and in CHCl 3 had similar energy values (see ESI † for details). The substituents on the triazole core are most likely not sufficiently bulky to differentiate between the two enantiomers through steric repulsion or by other noncovalent interactions (Fig. 3) . This could also explain our previously obtained results of enantiodiscrimination experiments, where Takemoto's catalyst 21 was used as an acceptor and that suggest that both hydrogen and halogen bonding interactions inuenced the binding of enantiomers.
12
Therefore, a more benecial approach would be to use multidentate or bifunctional XB donors that form more rigid complexes. For example, Beer et al. has shown that chiral bidentate XB donors that contain at least two halo-triazole cores are suitable for differentiating between enantiomers.
13a,22
In conclusion, we have once again shown the pivotal role of charge on XB donor strength. In addition, by changing the aromatic substituent and the counterion, the XB donor properties of triazole-based donors can be enhanced even further. This is exemplied by the fact that the donors form complexes with quinuclidine with association constants covering almost four orders of magnitude. To the best of our knowledge, the reported association constants are comparable to the largest described between an amine and an organic XB donor in solution. Enantiodiscrimination of acceptors 8 and 9 by the most powerful donor 3-BARF was not observed. However, information obtained during this study can aid to move towards more selective donors.
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